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Meta-analysis of Quality of Life Outcomes Following Diabetes Self-management Training Purpose
The purpose of this meta-analysis was to meet the need to quantify the influence of diabetes self-management training on quality of life (QOL) of adult diabetes patients.
Methods
Extensive literature searching located published and unpublished diabetes self-management intervention studies that measured QOL outcomes among at least 5 subjects with type 1 or 2 diabetes. Data were extracted from primary study reports which included interventions designed to improve diabetes self-management and adequate data to calculate effect sizes. Random-effects metaanalytic procedures were used to estimate overall effects between treatment and control groups at outcome assessment and between baseline and outcome data for both treatment subjects and control subjects.
Results
Exhaustive searching yielded 20 comparisons across 1892 subjects. The comparisons between treatment and control group outcomes following interventions yielded an effect size of 0.281. The comparisons between treatment group at baseline and outcome measurement yielded an effect size of 0.312 to 0.313. Each of these effect sizes were statistically significant, meaning that the hypothesis that interventions to improve diabetes self-management results in increased QOL was supported. Control subjects did not experience improved QOL while participating in studies.
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Conclusions
These findings document that people with diabetes experience improved QOL from participation in diabetes self-management training programs. Future diabetes self-management intervention studies should include quality of life outcomes so that this important outcome can be further studied. After more primary studies are available, future meta-analyses can explore important moderator analyses.
R esearchers and clinicians are increasingly considering the influence of diabetes care burden and complications on quality of life (QOL). QOL has been found to be lower in persons with diabetes when compared with individuals that do not have diabetes. 1, 2 Among adults with diabetes, QOL decreases over time despite improvements in clinical outcomes. 3 The importance of QOL has been recognized as an important outcome of diabetes care as well as a factor in sustaining the ongoing performance of diabetes self-care activities. 4 While QOL in diabetes patients has been studied in relation to patient demographics, type of diabetes, and diabetes treatment, it historically has not been routinely measured as part of diabetes self-management training clinical trials. Glasgow found that only 17% of diabetes self-management training clinical trials reported in the late 1990s included a QOL outcome. 5 With the increased attention to QOL outcomes, researchers have begun reporting this important outcome in intervention trials.
No previous meta-analyses have addressed QOL outcomes after diabetes self-management interventions. As part of their 2001 meta-analysis of the effects of diabetes education, Norris et al found only 3 studies that had QOL as an outcome. Two of these found no change in QOL with the third showing an improvement in QOL. They did not synthesize across this small number of studies. 6 A meta-analysis of psychologically focused interventions in diabetes patients found a slight decrease in psychological distress following the interventions. 7 In a review of randomized controlled trials of diabetes educational interventions between 2001 and 2005, 8 studies found improvements in well-being, anxiety, and attitude toward diabetes after the intervention. 8 None of the previous reviews have conducted a quantitative synthesis using meta-analysis. The purpose of this study was to meet the need to quantify the effects of diabetes self-management training on QOL outcomes in adult diabetes patients. The research question for this meta-analysis was: Does diabetes self-management training affect the reported QOL of adult diabetes patients?
Methods
This project was performed using meta-analysis methods. Meta-analysis is the systematic integration of primary studies with statistical analysis of their results to calculate a pooled effect size for the dependent variables under study. It also allows for further examination of the effect of moderators on the dependent variable across studies. 9 Meta-analysis can also be helpful in integrating the results from primary studies that may have had inadequate sample sizes to have sufficient power to establish significance. 10
Inclusion Criteria and Search Strategies
This project used data from a larger meta-analysis that examined the effects of interventions designed to increase physical activity in adults with chronic illnesses. The parent study retrieved any intervention study that included a recommendation to increase physical activity, including diabetes self-management interventions. Further details of the meta-analysis methods used in the parent study are available elsewhere. [11] [12] [13] A subset of the parent study primary studies that examined diabetes selfmanagement training in adults with diabetes with reported QOL outcomes was analyzed for this project. Primary studies were included in this analysis if they were coded as having adult participants with diabetes, a diabetes self-management training intervention, and a QOL outcome.
An extensive literature search was performed as part of the parent study identifying primary studies from 1970 to April 2005 that reported outcomes following a diabetes self-management training intervention. The literature search included published and unpublished studies to avoid publication bias. Examples of unpublished studies include dissertations, conference abstracts, and unpublished manuscripts. Publication bias may overestimate the total effect size because negative results or results that failed to reach statistical significance are often not published. 14, 15 The parent project examined multiple electronic databases to ensure a comprehensive search. 16 In an effort to be comprehensive, ancestry searches of the identified primary studies, narrative reviews, and syntheses of the topic were done. Searches of National Institutes of Health funded study register were also performed. Additionally senior authors of primary studies were contacted and computerized searches of senior authors were conducted. 17, 18 Comprehensive searching in the parent project yielded 2807 papers, 127 with HbA1c outcomes and 35 with fitness outcomes. Most papers were excluded for not reporting on an intervention study or not reporting codeable outcome data.
For this project, studies were included if they reported data from instruments which measured QOL (eg, healthrelated QOL, life satisfaction, well-being, or psychosocial adaptation to illness) as outcomes from self-management interventions. These terms were chosen because of their frequency of use as synonyms of QOL in the primary studies. We did not limit the synthesis to a specific QOL measure because no such measure has universal acceptance. Furthermore, when constructs are measured imprecisely, such as QOL, including some diversity of measures is helpful. The identification and measurement of mood, anxiety, and depression were not coded as QOL outcomes. Although mood may be related to QOL, it is not an adequate proxy measure of QOL. Thus we focused on the homogeneous construct of quality of life assessed with heterogeneous measures.
Studies with participants with either type 1, type 2 or unspecified type of diabetes were included. The decision to include both types of diabetes was based on the nature of the interventions and outcome variables. We included both types of diabetes for 3 reasons. First, there are few systematic differences between diabetes self-management classes for adults with type 1 and type 2 diabetes. Second, the recommended self-management behaviors are similar for both types of diabetes. Finally, there is little reason to believe the effects of intervention to improve self-management behavior on QOL would differ between types 1 and 2 diabetes. (Our previous work on metabolic control and fitness outcomes did not combine types 1 and 2 diabetes because these outcomes likely differ significantly between diabetes types.) Further inclusion criteria used for the primary studies are in Table 2 .
Both 2-group and single-group comparison primary studies were included. Two-group studies compare treatment and control subjects following the intervention. Single group studies only compare pre-and postintervention data from the same group of subjects. Baseline and outcome data were coded for both treatment and control subjects, and these were analyzed as single-group data even among studies with both treatment and control groups. The inclusion of studies was not limited to a particular research design, to capture the broad spectrum of completed primary research. 10
Data Extraction
The primary reports were coded using a coding frame that had been developed for the parent project, then piloted and revised accordingly. To enhance coding reliability, each primary study was independently coded by 2 coders with the principal investigator of the larger metaanalysis resolving any discrepancies between coders.
Primary studies were coded for year of publication, study type, participant age, type of diabetes, gender, body mass index (BMI), ethnicity, glycemic control preand/or postintervention, intervention duration, group versus individual intervention, characteristics of exercise prescription, exercise as only behavioral target or multiple diabetes self-management behavior targets, intervention components, fitness level, QOL pre-and/or postintervention, time between intervention and outcome measures, and type of QOL measurement tool.
Analysis
The standardized mean difference effect size selected for this project is consistent with primary research where QOL mean scores are typically reported. The effect size was determined by calculating the standardized mean difference for each comparison between treatment and control groups or pre-and postintervention results for single group design studies. The effect size reflects the difference between the treatment versus control group outcome scores (standardized by dividing the difference by the pooled standard deviation) for 2-group comparisons. For single-group studies, the effect size depicts the difference between the treatment group after the intervention compared with the same group's scores before the interventions, divided by the pooled standard deviation.
To account for differing sample sizes in the primary studies, the effect sizes of the individual studies were weighted by the inverse of their variance thus giving larger sample primary studies more influence on overall QOL effect size values. The effect size demonstrates the impact the intervention had on the QOL outcomes. A positive treatment effect on QOL is reflected by a positive effect size score. The effect size for each primary study was calculated and then these effect sizes were combined to obtain an overall effect size. This calculation of effect size reflects comparable mean results regardless of the QOL outcome measure used. Pooling different QOL measures for determining effect size in meta-analyses has been supported in the literature, although caution should be used depending on the constructs being tested and responsiveness of instruments. 19 Studies using 2-group comparisons were analyzed separately from studies with a single-group design. Studies with multiple treatment groups but no control group were included with the single-group studies. Analysis of singlegroup studies can be problematic because the pre-and posttest results are most likely correlated. Unfortunately, none of the primary studies reported this information; therefore the analyses were conducted using the assumption of no correlation as well as the assumption of a strong positive correlation between pre-and posttest scores. Both data are presented.
A random-effects model was used in the analysis. The random-effects model assumes that there are sampling errors as well as study implementation variances that may affect the effect sizes of the primary studies. Use of a random-effects model is appropriate for this metaanalysis because the implementation of self-management training is heterogeneous. The random-effects model allows for increased generalization of the findings to other studies with differing characteristics. 20, 21 The between-study variance was computed by the weighted method of moments. A conventional heterogeneity statistic Table 2 Inclusion Criteria for Primary Studies Participants 21 years of age or older Participants with diagnosed diabetes (either type 1 or type 2) A diabetes self-management intervention which included recommendation to increase physical activity (the vast majority of retrieved diabetes self-management intervention trials included recommendations to increase physical activity) A QOL measurement postintervention with sufficient data to calculate an effect size (eg, means and SD/SE; t statistic; exact P value from t statistic) (Q) was calculated to determine effect size homogeneity between primary studies. A formal analysis of potential moderator effects on QOL was not performed because potential moderating factor information was insufficiently reported in the primary studies. Primary study source, participant, and intervention data were therefore only tabulated.
Results
Extensive searching yielded 2807 citations for possible inclusion. Abstracts and full papers were evaluated for the inclusion criteria, which dramatically narrowed the potential studies. Papers were commonly excluded because the study lacked either an intervention or a QOL measure. The final yield was 20 comparisons across 1892 subjects that were eligible for inclusion. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The earliest study was published in 1991, while most of the studies (k = 13) were published in 2000 or later (k denotes the number of comparisons). Nineteen studies were published; 1 was a dissertation. Two studies were not funded; the remainder received some source of funding to conduct the study.
Samples Included in Primary Studies
Descriptive information about the studies is provided in Table 3 . Most samples were middle-aged and older.
Only 4 studies reported a mean age under 57 years. Women were well represented in these samples. Only 2 studies excluded women. Only 6 studies reported including African Americans. Among these 6 studies, 3 studies focused exclusively on African Americans. None of the studies that included African Americans and other subjects reported data separately for African Americans. No studies reported including Latino or Native American subjects.
Most studies contained many overweight subjects (mean BMI = 33.34). Only 2 of the 7 studies that reported BMI reported means less than 30. Metabolic control on entry into studies was poor (mean HbA1c = 8.74), with 4 studies that reported entry HbA1c over 10. Too few studies reported HbA1c levels after the interventions to analyze outcomes. Sixteen studies focused on adults with type 2 diabetes, 3 included only type 1 diabetic subjects, and 1 study included both types of diabetes. Inclusion of comorbidity, education, or socioeconomic information was too inconsistently reported for analysis.
Interventions
Interventions varied greatly (Table 3) . Two studies delivered interventions in 15-minute sessions and 4 studies used sessions of at least 3 hours. Four studies used more than 10 intervention sessions. Over half of the interventions were In addition to diabetes self-management education, the most frequent intervention components included barriers management (7) , problem solving (7), goal setting (5), social support (5), social modeling (4), relapse prevention education (2), and supervised exercise (2) . Intervention strategies reported by only 1 study included competition, rewards, decision making, exercise prescription, fitness testing, and self-reevaluation. Two interventions were individually tailored for subjects. Over half of the intervention sessions used discussion format as well as didactic lecture. Six studies delivered at least part of the intervention by means of telephone and 1 study used mail delivery. Only 2 studies did not include any face-to-face delivery of interventions. Among the studies that reported the physical setting where interventions were delivered, 9 were in ambulatory care settings, 4 were in community centers, and 1 was delivered to inpatients. Seven studies presented interventions to individual subjects, while 13 used groups. Most of the 17 studies that described interventionist professional characteristics reported combinations of health professionals as interventionists (k = 10).
Methodological Characteristics
Small samples were common (Table 3 ). Six studies included less than 30 subjects. Eight comparisons could be made between treatment groups and control groups following interventions. Twenty studies provided baseline and outcome data for treatment subjects for making single group pre-versus postgroup comparisons. Six of the 2-group comparisons used random assignment of subjects to treatment and control groups. Two of the 2-group comparisons did not use random assignment. QOL was most often measured by the Medical Outcomes Study Short Form 36 (k = 6). Only 1 study used an investigator-developed instrument, and the remainder used previously developed measures of QOL.
QOL Outcomes
The comparison between treatment group and control group outcomes following interventions yielded an effect size of 0.281 (μ δ = 0.281) ( Table 4 ). The comparison between treatment group at baseline and outcome measurement yielded an effect size of 0.312 (μ δ = 0.098) Random-Effects Analysis of QOL Effect Sizes (Table 4 ) under the assumption of high correlation between pre-and posttest scores. Results of the analysis with the assumption of no correlation for single-group pre-versus postintervention comparison was similar with an effect size of 0.313 (μ δ = 0.110). Each of these effect sizes were statistically significant, meaning that the hypothesis that interventions to improve selfmanagement results in increased QOL outcomes was supported.
In contrast, neither of the effect sizes for control group pre-versus postintervention QOL scores were significantly different from 0 ( Table 4 ). Control subjects did not experience improvements in QOL by participating in these studies.
The Q values reported in Table 4 document that the studies were significantly heterogeneous across 2-group (72.934) and single-group comparisons (490.271 and 109.546). This was expected because diverse interventions were tested in varied samples using a wide range of methods in these primary studies.
Discussion
The meta-analysis findings document that people with diabetes experience improved QOL after receiving interventions designed to improve their diabetes self-management behaviors. Previous reviews retrieved too few studies to conduct a meta-analysis. 6 Two previous syntheses of small numbers of primary studies found decreases in psychological distress and symptoms, but did not directly address QOL. 7, 8 This is the first meta-analysis to synthesize QOL outcomes in adult diabetes patients following diabetes self-management training. These findings are important because health care is increasingly focused not only on decreasing morbidity, mortality, and costs but also on increasing QOL especially among those with major chronic illnesses such as diabetes.
The magnitude of the effect size is difficult to assess because too few studies used any single measure in exactly the same way to allow us to convert the effect size to an original metric. Although a .28 effect size may appear small, a recent meta-analysis of HbA1c outcomes reported an effect size of .29, which equated to a postintervention HbA1c of 7.38 for treatment subjects as compared to 7.83 for control subjects. 11 Thus what appears to be a small effect size may be clinically meaningful. As more studies use identical measures of QOL, the amount of change required to be clinically meaningful may become clearer. Because QOL is a complex phenomena likely affected by diverse factors, any statistically significant improvement is probably clinically important.
The reasons for this QOL improvement are not known because the interventions were not designed to affect QOL. It is possible that people may feel better with improved metabolic control following interventions. This link was not able to be explored through moderator analyses because too few studies reported both QOL and HbA1c outcomes.
One possible explanation for the improvement in QOL involves self-efficacy. Recently there has been a movement away from didactic teaching alone to a focus on attitudes, coping, and self-efficacy. 38 Extant research reported that self-management education increases self-efficacy. 39 Increased diabetes care self-efficacy has consistently been linked to increased QOL in patients with type 1 and type 2 diabetes. 4, 40 Thus the influence of self-management interventions on QOL may be mediated by self-efficacy. Another possible explanation is that people may experience improved QOL when they have an enhanced sense of mastery over the potential consequences of diabetes, which may result from better education.
An alternative explanation is that people may experience improved QOL as a result of changing their diet and exercise behavior. Previous research has documented improved QOL following positive health behavior change among adults with diabetes. 41 It is also plausible that subjects experience group camaraderie or social support during the group diabetes classes that result in better QOL outcomes. Future research needs to address these issues.
These findings may be particularly useful in practice settings. Dramatic changes in diet and exercise may feel overwhelming to diabetes patients confronted with the need for life-long behavior change. People with diabetes may avoid making these behavior changes because they fear their QOL will be adversely affected. This study's findings suggest the opposite is true. Providers can tell patients with diabetes that evidence suggests people who attend diabetes self-management programs experience improved QOL. Reassurance that they are likely to experience improvements in QOL could be motivating to patients to participate in diabetes self-management programs.
Limitations
Limitations of this meta-analysis include lack of adequate minority representation in the primary studies' samples. Very few of the primary studies included African Americans, and no studies noted inclusion of Hispanic or Native Americans. This relative lack of ethnic inclusion was surprising because of the disproportionate burden diabetes has in these populations.
The parent project for this study included studies with either exercise or HbA1c outcomes. Far too few of the studies with other diabetes outcomes measured QOL. Future research should include measures of QOL because widely available measures have documented validity and add little respondent burden. Assessing patients' QOL has numerous benefits. It allows health care providers and researchers to better understand what aspects of the illness and treatment the patient views as having the greatest impact on their QOL. It may also be found that the QOL outcome of a particular therapy outweighs its potential benefits. QOL effects of various diabetes treatments may impact patients sustaining health care activities and health care providers decision-making. Understanding QOL may also be useful in communicating to future patients about expectations of the impact treatment has on QOL. 42 This study shares the limitations of all meta-analyses. The findings are not causal because all meta-analysis findings are observational. As expected, we retrieved a heterogeneous set of studies. This was expected because the interventions used in practice and research vary widely, as do subjects included in samples. After more primary studies become available, heterogeneity may be explored through moderator analyses. This meta-analysis was limited by the number of studies that provided QOL outcome data despite extensive comprehensive searching. We retrieved too few studies to conduct moderator analyses. After more primary studies with QOL outcomes accrue, moderator analyses can determine the impact other variables have on QOL, such as sample characteristics like age, ethnicity, gender, type of diabetes, and type of diabetes treatment; intervention attributes such as content and dose; and other outcomes such as the extent to which subjects actually changed their behavior and HbA1c changes.
Implications
In conclusion, this meta-analysis documented improvements in QOL outcomes among adults with diabetes following interventions designed to enhance their diabetes selfmanagement. Clinicians may use these findings to encourage patients to participate in diabetes self-management training programs. Researchers and providers are encouraged to include QOL outcome measures when evaluating diabetes self-management programs so future metaanalyses can examine important potential moderators.
